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MICROBIOLOGICAL  SAFETY  EQUIPMENT1 


JOSKPH  V.  JKMSK1  AND  C.  BHIOCS  PHILLIPS8 


AHplJRACT.  A  program  for  biological  safety  in  the  animal  laboratory  must  consist  of 
tluififm  establishment  of  clearly  stated  principles,  the  education  of  all  personnel  in  safety, 
thaijimunization  of  personnel  where  applicable  and  the  use  of  properly  designed  safety 
equTpment.  Many  laboratory  infections  are  preventable  by  the  judicious  use  of  such  spe¬ 
cially  designed  equipment.  This  is  exemplified  by  the  procedures  and  equipment,  described 
in  this  paper,  which  have  been  proven  by  actual  practice  over  many  years  of  tests  with 
highly  communicable  disease  agents. 


The  most  important  aspect  of  the  problem  of  biological  safety  for  infectious 
disease  laboratories  is  the  prevention  of  infection  in  laboratory  personnel.  Philo¬ 
sophically  less  important,  but  still  of  great  practical  significance,  is  the  prob’em 
of  also  preventing  laboratory  acquired  infections  ( cross-infection  I  in  the  animals 
used  for  experimentation.  The  need  for  minimizing  animal  cross-infection  is  best 
indicated  by  its  prejudicial  effect  on  experimental  results  and  the  infectious 
hazard  presented  to  the  handler  of  infected  animals  (Kirchheimer,  .lemski  and 
Phillips,  1961). 

The  simplest  and  the  surest  method  to  achieve  this  “prevention”  is  the  pro¬ 
hibiting  of  personnel  from  working  with  certain  agents  infectious  for  man  or  ani¬ 
mals.  This  principle  actually  has  been  enforced  in  some  laboratories  wherein 
work  with  certain  disease  organisms  is  not  permitted.  The  general  acceptance  of 
this  concept  obviously  would  soon  lead  to  a  general  ignorance  of  human  and  ani¬ 
mal  disease  problems.  A  much  more  reasonable  practice,  therefore,  is  one  in  which 
the  use  of  special  techniques  or  equipment  provides  and  maintains  safe  working 
conditions  in  the  infectious  disease  unit.  The  absolute  necessity  of  such  tech¬ 
niques  can  be  exemplified  by  the  conceivable  isolation  of  a  virus  as  the  etiological 
agent  of  human  carcinomas.  In  this  situation  there  undoubtedly  would  be  a  rising 
emphasis  on  the  moral  and  legal  obligation  of  laboratory  chiefs  to  provide  pro¬ 
tection  for  all  personnel  associated  with  any  work  with  this  "cancer  virus."  Ac¬ 
tually,  these  obligations  have  always  resided  in  a  supervisory  position  but  in  a 
great  many  instances  have  been  tacitly  ignored  on  the  basis  that  occupational 
illness  was  inherent  in  the  profession.  The  fact,  however,  is  that  many  laboratory 
infections  are  preventable  by  the  judicious  use  of  specially  designed  equipment 
(Wedum,  et  «/.,  1 9o6a  >  and  by  the  conscientious  application  of  good  techniques 
in  biological  procedures  that  are  potentially  hazardous  (Smadel,  1951 ;  Fish  and 
Spendlove,  19501.  The  practical  worth  of  these  concepts  was  pointed  out  at  the 
1960  meeting  of  the  Animal  Care  Panel  in  a  report  from  our  laboratory  (.lemski. 
19601 .  This  report  showed  that  not  one  case  of  illness  in  either  our  animal  handler 
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or  technical  personnel  occurred  in  over  200,000  exposure-risk  man  hours  even 
though  the  work  involved  direct  handling  of  animals  exposed  to  aerosols  of  highly 
infectious  organisms.  This  past  year’s  work  has  resulted  in  an  additional  1  ">.000 
man  hours  of  safe  work. 

Most  of  the  publications  relating  to  the  frequency,  the  causes,  and  tiie  elimi¬ 
nation  of  laboratory  acquired  infections  have  led  to  the  conclusion  that  the  source 
of  infection  is  generally  within  a  few  inches  of  the  worker’s  face  and  that  inclo¬ 
sure  and  ventilation  are  the  major  factors  in  eliminating  laboratory  infections. 
It,  therefore,  is  apparent  that  the  basic  principle  involved  in  the  design  and  use 
of  microbiological  safety  equipment  is  in  limiting  or  controlling  intimate  or 
casual  contact  with  the  infectious  agents.  In  the  previous  report  from  our  labora¬ 
tory,  this  principle  was  illustrated  by  the  individual  maintenance  of  experimen¬ 
tally  infected  animals  in  sealed  cages  ventilated  with  filtered  air  pulled  through 
the  cage.  Such  equipment  shields  animal  from  animal  and  handler  from  animal. 
These  design  features  also  typify  the  bacteriological  safety  cabinet  which  is  the 
most  important  item  of  equipment  in  the  prevention  of  laboratory  acquired  in¬ 
fections  (Wcdum,  19o3i.  The  ventila  d  cabinet  is  a  device  which  not  only  pro¬ 
vides  suitable  table  top  area  for  the  performance  of  microbiological  operations 
hut  also  provides  glass  shielding  for  the  worker. 

A  variety  of  ventilated  bacteriological  cabinets  are  available  commercially  IS. 
Blickman,  Inc.,  Wechawkcn.  X.  .1.;  Kewaunee  Manufacturing  C’o.,  Adrian, 
Michigan  l  or  can  be  fabricated  from  wood,  metal  or  even  plastic.  Figure  1  shows 
a  typical  cabinet  constructed  of  stainless  steel.  All  work  is  done  through  the  arm- 
length  rubber  gloves.  An  attached  pass-through  box,  equipped  interiorly  with 
ultraviolet  lamps,  is  used  for  inserting  or  removing  items  from  the  cabinet.  This 
cabinet  is  provided  with  an  exhaust  air-filter  and  an  exhaust  blower  u  iiich  main¬ 
tains  a  reduced  pressure  of  one-half  to  one  in.  (water)  within  the  cabinet.  Utili¬ 
ties  attached  to  the  cabinet  include  hot  and  cold  water,  vacuum,  compressed  air. 
gas,  drain,  a  1 10  volt  AC’  utility  outlet,  ultraviolet  lamps,  and  fluorescent  lighting. 

This  cabinet  is  highly  satisfactory  for  many  operations,  but  it  does  not  pre¬ 
vent  possible  exposure  of  the  operator  to  infectious  materials  removed  from  the 
cabinet. 

To  overcome  this  problem,  a  more  elaborate  and  complicated  interconnected 
cabinet  system  has  been  developed  and  has  been  described  in  detail  by  (Iremil- 
lion  (19601.  The  basic  unit  of  this  system  is  a  34  in.  module.  A  typical  general 
purpose  modular  system  is  seen  in  Figure  2.  These  cabinets  are  gastight  and  have 
been  designed  so  that  all  materials  leaving  the  system  may  be  sterilized  in  the 
autoclave  (seen  in  the  right  foreground l  by  either  steam  or  ethylene  oxide  gas. 
Xon-autoclavable  items  may  be  removed  from  the  cabinets  by  passing  through  a 
disinfectant  solution  contained  in  a  dunk  bath  seen  in  the  left  foreground.  This 
system  can  be  tailored  to  the  requirements  of  the  user  by  the  incorporation  of 
additional  back  or  bottom  mounted  units  into  which  are  fitted  refrigerators, 
incubators,  deep  freezers,  balances,  and  sinks. 


Fig.  1.  Bacteriological  safety  cabinet.  The  ultra-violet  -ntry  box  is  seen  on  the  right 


W** ' 
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Fig.  2.  (leneml-|>ur|>ose  modular  hood  system.  The  dunk  tank  is  si-en  attaclwd  to  the  l«»i- 
tom  of  the  second  from  left  modular  unit. 
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Fui.  3.  Animal  holding  mo«lu!ar  units 


To  protect  animal  handlers*  in  infectious  animal  rooms,  it  may  be  desirable 
to  house  animals  in  a  cabinet  system  instead  of  ventilated  cages.  Such  animal 
holding  modules  can  be  added  in  one  or  more  levels  to  the  basic  cabinet  system 
as  shown  in  Figure  3.  Various  levels  are  connected  to  each  other  by  electrically 
operated  elevators  (Fig.  4)  for  the  transfer  of  animals,  feed,  and  equipment.  It 
is  within  these  modular  systems  that  all  procedures  are  carried  out  with  infecti¬ 
ous  substances.  Such  procedures  include  the  o|>ening  of  culture  tubes,  blending, 
grinding,  inoculating,  injecting  or  nccropsving  animals,  and  opening  sea  ha  I  cen¬ 
trifuge  cups,  or  other  containers  of  infectious  material  suspected  of  having 
inner  leakage  or  breakage. 

At  the  conclusion  of  a  particular  o|H*ralion.  sterilisation  of  the  entire  system 
can  last  be  achieved  by  valorizing  steam-formaldehyde  mixtures  I < Hick, 
(iremiiiion  and  Bodmer.  1961 1.  For  each  cubic  foot  of  air-space,  one  mi  of  37' ; 
formaldehyde  should  be  valorized.  Most  any  steam  generator  can  be  used  a- 
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Fin.  4.  Elevator  system  for  nniinal  holding  cabinets.  Tlie  Kx|>osMrc  Tank  is  on  l lie  right 
and  the  elevator  system  is  seen  on  the  left  of  the  small  push-button  control  panel  m  the 
center  of  the  picture. 


the  disseminator.  Mists  of  peracetic  acid  sprayed  from  a  2f,  aqueous  solution, 
also  can  be  used  for  cabinet  sterilization,  but  precaution  must  Ik-  taken  to 
thoroughly  air  and  wash  tin-  cabinet  after  use  of  the  acid. 

Although  the  bacteriological  cabinet  provides  airtight  containment  of  infec¬ 
tious  materials,  it  cannot  serve  as  a  substitute  for  adequate  training  and  careful 
techniques. 

It  is  of  interest  to  note  that  the  equipment  illustrated  is  designed  and  o|u-rated 
for  purjKtses  exactly  the  reverse  of  that  in  gnotobiotie  methodology.  The  modu¬ 
lar  gaslight  system,  tinder  negative  pressure,  is  designed  to  prevent  the  escape 
of  organisms  from  within  the  system  to  the  outside  environment,  (iaotobiotic 
cabinets  are  maintained  under  |K>'ilive  pressure  to  prevent  entrance  of  organ¬ 
isms  from  the  outside  environment  into  the  system.  Both  iv|k-s  of  equipment 
have  the  identic  d  objective  of  preventing  aeridenta)  infections  in  either  tin- 
worker  or  in  the  gnotobime. 

f  i ranting  tin-  essentiality  of  a  cabinet  system  in  infectious  disease  lal>ora  lories, 
other  types  of  equipment  not  a>  >|>cetarular  in  d«-scription  but  highly  contribu¬ 
tory  to  safe  operations  cannot  In-  overlooks!  PqMtting  devices  are  in  this  rate- 
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gory.  Tin-  danger  involved  in  mouth  pipetting  of  pathogenic  material  is  obvious 
and  should  never  he  allowed.  A  variety  of  suitable  pipetting  devices  are  com¬ 
mercially  available  (Wcdum.  1950i.  Some  of  these  operate  from  the  laboratory 
vacuum  line.  Recommended  met  hen  is  for  the  use  and  handling  of  pipettes  as 
rc|>ortcd  by  Reitmun  anil  Phillips  (19*>0i  should  l*e  followed. 

Another  piece  of  equipment  universal  in  a  laboratory  is  the  centrifuge.  The 
biological  hazards  involved  in  the  ojHTation  of  this  equipment  usually  consist 
of  an  infectious  aerosol  created  by  the  breaking  of  glass  tubes  or  the  loss  of  tula* 
stopjRTs  duritig  centrifuging  iReitman  and  Phillips.  19">Cl.  Another  hazard  is 
created  when  infectious  fluids  are  entrapped  in  the  screw  threads  of  screw -cup|ied 
centrifuge  tubes  and  are  thrown  out  as  an  aerosol  when  the  centrifuge  is  ojH  iatiil 
l  Whit  well.  Taylor  and  Oliver.  1957 I.  Safe  centrifuging  can  In-  accomplished  by 
the  use  of  safety  cups  or  heads.  Si  a  led  cups  are  available  to  fit  either  pin-ty|>e 
or  conical-type  heads  on  International  Company  equipment.  After  centrifuging, 
all  sealed  or  capped  cups  should  be  returned  to  the  bacteriological  hood  for 
opening.  Table  top  cenu imgcs.  for  which  no  safety  cups  are  ••vailable.  should 
Ih-  placed  in  the  safety  cabinet  during  o|*eration. 

Another  extremely  hazardous  technique  is  the  grinding  or  homogenizing  of 
pathogenic  material  in  a  high  sjR'ed  blendor.  This  problem  was  investigated  by 
Reitman.  ct  til.  (I9a3i.  Out  of  their  stu  ties  evolved  a  scaled  container  which 
can  be  used  on  any  standard  Waring  blendor  to  prevent  the  escajH-  of  infectious 
aerosols  during  a  high  s|>ecd  mixing  process.  This  equipment  is  particularly  im- 
|H»rtunt  when  large  numlH-rs  of  samples  of  infectious  animal  tissues  must  la- 
ground  for  pathogen  isolation  or  identification. 

The  frequency  of  lalmratoiy  infections  among  animal  room  workers  i  Weduiu. 
1956 »  certainly  warrants  attention  to  the  procedures  ami  equipment  used  for 
holding  ex|H-rimentally  infected  animals.  First  and  foremost  is  the  need  to 
adequately  separate  infectious  animals  from  lalmratorv  workers  and  from  other 
animals.  The  Inst  isolation  obviously  is  obtained  by  housing  animals  individ¬ 
ually  in  sealed  cages  equipped  with  filters  and  ventilated  through  an  air  exhaust 
system.  A  holding  area  of  individually  ragi-d  monkeys  in  ventilated  cages  i> 
shown  in  Figure  ’>.  This  system  has  an  additional  advantage  in  that  separate 
groups  of  monkeys  infected  with  various  ly|>cs  of  infectious  agents,  for  example 
with  tubercle  bacilli  or  ('ornilituiita  ininnfis.  call  Ih-  housed  ill  the  same  room. 
It  is  recognised,  however,  that  in  many  lai “oratories  the  expense  of  this  equip¬ 
ment  is  prohibitive. 

As  a  practical  alternative,  germicidal  ultraviolet  tl'Vi  cage  racks  have  Ih-cii 
designed  which  have  effectively  reduced  the  nuniticr  of  air-lmrnc  vegetative 
organisms  escaping  from  contaminated  animals  'Phillips.  «f  of  .  I9u6i.  Figure 
fi  shows  a  I  V  rack  located  along  the  front  wall  of  an  infectious  animal  holding 
rtHint  Tin-  rack  is  a  ft  high.  4  ft  wide  and  22  in  deep.  with  solid  metal  shelves 
Two  la  w  .  18  in.,  hot  cathode  l’V  lamp-,  with  fixtures.  are  needed  for  each  shelf 
Facli  fixture  is  cqtiip|>ed  with  an  alummum  reflector  to  din-ei  the  radiation  in  a 
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Fn;.  5  Ventilated  ram-  for  inoakcvs 


hand  across  tin*  tops  of  flu1  cages.  Phe  cage-  arc  solid-liottomed  an<t  solid-sided 
to  protect  tlu-  animal-  from  l  \  radiation.  Pin*  Inittom  edge  of  tin*  lamps  is  |H»-i- 
tioncd  to  Iw  level  with  the  trip  edge  of  tin*  cages,  Studies  with  this  system  have 
shown  that  the  l  \  Iwtrrier  prevented  cro— -contamination  from  aerosols  of 
vegetative  bacteria  produml  in  adjoining  cage.-.  lltraviolet  used  in  this  manner 
was  only  partly  effective  again-t  bacteria!  -|K>rrs. 

Animal  workers  must  wear  -kin  and  eye  pmtertion  when  working  around  I  V 
‘•age  racks  In  our  )aU»ratorie-  workers  wear  ventilated  itcrsotinel  hood-  as 
Mfii  in  pifjure  fi  f«ir  this  protect um.  <  toggle-  can  Ik-  worn  for  -hurt  work  intervals 
in  this  ana.  It  is  imjnirtrnt  that  an  adequate  lamp  maintenance  program  la- 
practiced.  The  1  \  lamps  must  l*c  r leane* I  fretpiently  and  replarcd  when  intensity 
mcasun  inents  indicate  a  40',  ios-  of  output  Intensity  meter-  for  IT  reading- 
can  Ik-  purchased  from  (ieneral  Klectric  or  tlie  We-tinghou-c  ( ‘orpemtinn 
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Kin.  (>  Ventilated  for  ml- '  '11)11— holding  room  V<  to  dated  eng"  r.»<  k 

outfitted  with  III)  la\  inlet  light'  I>  '*•<•11  111  !  he  I  ..e  h  ground 

Ait  additional  t’»un<:.  .'liown  m  Figure  <>  i'  a  >afr  method  lor  tin-  tramder  of 
infected  monkey '  from  oni1  ventilated  cage  to  anotlnT  by  mcnim  of  a  traii.-fer 
tututfl  placed  between  eage>.  Two  siuillot in**  door>.  located  mar  tin-  rtid>  of  the 
tunnel.  are  pulled  up  and  l>oth  «*:*»»«•  <I»mii>  art-  o|>encd.  The  monkey.  in  attempting 
to  M-anipi  r  tlirou*ih  tin-  tunnel.  ran  In-  int  rapped  in  tin'  renter  by  pro|>er  111:111111- 
vering  of  tlir  tumi"!  door.'.  Tlir  'iglil  panel  on  tin-  top  and  two  glove  |«>rl.'.  with 
attached  leather  glove*  on  either  -idr  of  tlir  tunm  l.  allow  r:t'V  rotraining  an>l 
manipulation  of  tlir  animai.  The  tunml  a  bo  lta>  Inin  it'iful  in  work  with  non- 
inlectrd  monkey.'  and  !»:»>  rc'idtcd  m  a  wrlroni"  derrra.'C  in  tin-  numi»cr  of 
monkey  bite*  ami  pim  lu -  in  the  caretaker  group. 

To  in.-un-  continuity  in  tin-  containment  of  infection*  material  during  cage 
changing.  'lie  cage.'  an-  removed  from  tlir  |A  rack*  ami  procr'>«-d  in  a  hood 
maintained  under  negative  pre**nn  After  trati'frrring  an  animal  to  a  rlran 
rage.  tlir  contaminated  rage  i'  placed  within  a  large  rectangular  ‘“!*oxrar"  which, 
when  full.  i>  trundletl  into  a  large  <louble-<|oor  autoclave  located  in  the  wall 
In  t wo  n  Ih  contaminated"  holding  an  a  ami  the  “clean"  preparation  room 
i  Fig.  7 1  The  tone  of  autoclaving  m  determined  by  tin-  content'  After  the  'terili- 
zation  periixl  m  complete<l.  the  l*o\car  i>  emptied  on  tin'  e'ean  «i< I*-.  It  then  i- 
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Fig.  7.  “Box-Car”  containing  animal  cages  l>eing  placed  in  double  door  wall  autoclave 


returned  via  the  autoclave  to  the  animal  holding  area  for  recycling  of  the  process. 
All  animal  cages,  bedding,  carcasses,  or  other  discard  materials  are  passed 
through  these  autoclaves  for  sterilization  before  they  are  handled  in  the  clean 
preparation  room. 

The  disinfection  of  heat  labile  materials  or  delicate  electronic  equipment  is 
possible  by  the  use  of  ethylene  oxide  gas.  A  steam  autoclave  can  easily  be 
equipped  to  be  used  with  this  gas  which  is  available  as  a  low-pressure  mixture 
with  Freon  in  disposable  16  oz  cans.  To  operate  the  “gas  clave,”  a  vacuum  of 
14  in.  (Hgl  is  drawn  on  the  chamber  and  the  ethylene  oxide  gas  injected  to  a 
positive  pressure  of  20  psig.  A  disadvantage  in  the  use  of  this  gas-mixture  is  the 
required  exposure  time  of  at  least  six  hours.  Also,  exposed  rubber  and  leather 
materials  must  be  thoroughly  aired  after  treatment. 

For  disinfecting  single  sheets  of  paper,  a  IT  pass-through  chamber  installed 
in  a  wall  separating  an  “agent”  from  a  “non-agent”  aiea  has  boon  described  by 
Phillips  and  Novak  1 19561.  This  apparatus  rolls  sheets  of  paper  slowly  between 
UV  lamps  with  a  radiation  dose  sufficient  to  provide  inactivation  of  99.97' ;  of 
contaminating  bacterial  spores.  It  makes  for  a  very  convenient  method  of  pass¬ 
ing  daily  animal  records  or  necropsy  protocols  for  compilation,  computation  or 
for  immediate  transposition  into  permanent  form  by  clerical  personnel. 

One  of  many  other  uses  for  germicidal  ultraviolet  radiation  is  in  the  construe- 
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tion  of  I’V  door  barriers  (Weduin,  Hand  and  Phillips.  1956 1.  Those  barriers 
are  constructed  by  placing  TV  fixtures  in  a  channel  built  around  a  doorway  in 
such  a  way  that  a  band  of  radiation  screens  the  opening.  It  may  be  very  desirable 
for  example,  to  place  these  barriers  around  doorways  between  infectious  animal 
holding  rooms  or  between  rooms  housing  different  species  of  animals.  It  should 
be  emphasized,  however,  that  the  door  barriers  are  not  intended  for  the  decon¬ 
tamination  of  surfaces,  clothing,  or  equipment,  but  only  for  the  treatment  of 
air  that  may  pass  from  one  area  to  another  when  the  doors  are  opened. 

Coxcusioxs 

A  program  for  laboratory  safety  must  consist  of  the  firm  establishment  of 
clearly  stated  principles,  the  education  of  all  personnel  in  safety  operations,  the 
immunization  of  personnel  where  applicable,  and  the  proper  application  of  safety 
equipment.  Most  of  the  procedures  and  equipment  for  the  animal  laboratory 
discussed  in  this  presentation  have  been  proved  by  actual  practice  over  many 
years  of  tests  with  highly  communicable  disease  agents.  Many  will  counter  that 
the  methods  and  equipment  may  be  too  difficult  or  to  expensive  to  use.  However, 
was  not  too  long  ago  that  the  ultra  high  speed  centrifuge  and  the  electron 
microscope  were  considered  too  expensive  and  exotic.  Today  this  equipment  is 
found  in  the  majority  of  laboratories.  If  one  pro-rates  the  advances  made  pos¬ 
sible  by  the  use  of  equipment  which  allows  for  almost  unlimited  flexibility  and 
scope  of  work  with  infectious  agents,  it  can  only  be  concluded  that  the  real 
expenses,  materially  and  morally,  arc  the  medical  and  psychic  costs  incurred 
when  occupational  infections  occur  among  laboratory  personnel. 

REFERENCES 

Fish,  C.  H.  and  Spkxdlovk,  G.  A.  1950.  Safety  measures  in  a  tuberculosis  laboratory.  Public 
Health  Reports  65(14):  466-467. 

Click,  C.  A.,  Gremilliox,  G.  G.,  and  Bodmkk,  G.  A.  1961.  Practical  methods  and  problems 
of  steam  and  chemical  sterilization.  Ptoc.  Animal  Care  Panel.  11:  37-44. 

Grkmillio.n,  G.  G.  1960.  The  use  of  bacteria-tight  cabinets  in  the  infectious  disease  labora¬ 
tory.  Proc.  Second  Symposium  on  Gnotobiotic  Technology.  University  of  Notre  Dame 
Press,  Notre  Dame,  Indiana. 

Jk.mski,  J.  V.  1962.  Maintenance  of  monkeys  experimentally  infected  with  organisms  in¬ 
fectious  for  man.  Proc.  Animal  Care  Panel,  12  :  89-98,  October  26-28.  1960. 

Kirch iikimkr,  VV.  F„  Jk.mski,  J.  V.,  and  Phillips,  (!,  B.  1961.  Cross-infection  among  ex¬ 
perimental  animals  by  organisms  infectious  for  man.  Proc.  Animal  Care  Panel.  11:  83-92. 
Phillips,  G.  B.,  ct  at.  1957.  Applications  of  germicidal  ultraviolet  in  infectious  disease 
laboratories.  III.  The  use  of  ultraviolet  barriers  on  animal  cage  racks.  Proc.  Animal  Care 
Panel.  7:  235-244. 

Phillips,  G.  B  and  Novak,  F.  K.  1956.  Application  of  germicidal  ultraviolet  in  infectious 
disease  laboratories.  II.  An  ultraviolet  pass-through  chamber  for  disinfecting  single  sheets 
of  paper.  App.  Microbiol.  4(2):  95-96. 

Rkitmax,  M.  and  Phillips,  G.  B.  1955.  Biological  hazards  of  common  laboratory  proce¬ 
dures.  I.  The  pipette.  Am.  J.  Med.  Tech.  21:  338-342. 

- .  1956.  Biological  hazards  of  common  laboratory  procedures.  III.  The  centrifuge.  Am. 

J.  Med.  Tech.  22:  14-16. 


LABORATORY  ANIMAL  CARE 


12 


Vol.  13,  No.  1 


Reitman,  M.,  ft  al.  1953.  Infectious  hazards  of  the  high  speed  hlendor  and  their  elimina¬ 
tion  by  a  new  design.  App.  Microbiol.  Is  14-17. 

S.madel,  J.  E.  1951.  The  hazard  of  acquiring  viru  ,md  rickettsial  diseases  in  the  laboratory. 
Am.  J.  Pub.  Health.  41s  788-795. 

Wedum,  A.  G.  1950,  Non-automatic  pipetting  devices  for  the  microbiological  laboratory. 
J.  Lab.  and  Clin.  Med.  35(4)  s  648-651. 

- .  1953.  Bacteriological  safety.  Am.  J.  Pub,  Health.  43s  1428-1437. 

- .  1956.  Protecting  laboratory  workers  from  accidental  infections.  Committee  Report, 

Laboratory  Section  Committee  on  Laboratory  Infections  and  Accidents,  presented  at  the 
84th  Annual  Meeting  of  the  Am.  Pub.  Health  Assn.,  Atlantic  City,  NJ. 

Wedum,  A.  G.,  et  al.  1956.  Ultraviolet  sterilization  in  microbiological  laboratories.  Public 
Health  Reports.  71s  331-336. 

- .  1956A.  Laboratory'  design  for  study  of  infectious  disease.  Am.  J.  Pub.  Health.  46s 

1102-1113. 

Whitwell,  F.,  Taylok,  P.  J.  and  Oliver,  A.  J.  1957.  Hazards  to  laboratory  staff  in  cen¬ 
trifuging  screw-cupped  containers.  J.  Clin.  Path.  10s  88-91. 


